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Abstract 

In this work the influence from the ambient 
plasma on the arc characteristics of a negatively 
biased solar cell array was investigated. The arc 
characteristics examined were the peak current 
during an arc, the decay time as the arc termi- 
nates, and the charge lost during the arc. These 
arc characteristics were examined in a nitrogen 
plasma with charge densities ranging from 15 000 
to 45 000 cm . Background gas pressures ranged 
from 8xl0~® to 6x10' 5 torr. Over these ranges of 
parameters no significant effect on the arc charac- 
teristics were seen. 

Arc characteristics were also examined for 
three gas species: helium, nitrogen and argon. 

The helium arcs have higher peak currents and 
shorter decay times than nitrogen and argon arcs. 
There are slight differences in the arc character- 
istics between nitrogen and argon. These differ- 
ences may be caused by the differences in mass of 
the respective species. 

Also, evidence is presented for an electron 
emission mechanism appearing as a precursor to 
solar array arcs. Occasionally the plasma genera- 
tor could be turned off, and currents could still 
be detected in the vacuum system. When these cur- 
rents are present, arcs may occur. 

Introduction 

It is well known that if a shorted dark solar 
cell array is biased sufficiently negative in the 
presence of a plasma, it will exhibit arc dis- 
charges. 1 ' 4 Characteristic curves for similar arcs 
have recently been published, 6 and array design 
considerations have been related to arc character- 
istics. Three parameters can be used as arc char- 
acteristics to describe the current during an arc; 
the peak current of the arc, the decay time con- 
stant of the arc current, and the charge lost dur- 
ing the arc. By obtaining average values and 
likely ranges for these parameters, the behavior 
and intensity of the arcs can be compared between 
various conditions. This paper examines the behav- 
ior of solar array arcs in various plasma condi- 
tions. This information is useful in predicting 
the affects arcinq will have on high power solar 
cell arrays in low Earth orbit, and may assist in 
determining, or at least excluding, possible arc 
mechanisms. 

A previous study? found that the arc charac- 
teristics do depend on the voltage at which the arc 
initiates and on the capacitance between the array 
and its surroundings. The main purpose of the work 
reported here is to oetermine whether or not the 
plasma environment effects the arc characteristics. 
It is known that the plasma density effects the arc 
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rate®* ^ and the threshold above which arcs may 
occur; 1 " however, the effects of plasma on charac- 
teristics such as the peak currents of the arcs 
have not been investigated. The plasma parameters 
investigated here were the electron density, the 
neutral density (i.e., pressure), and ion species. 
While these plasma parameters do not completely 
specify the plasma, they are the parameters most 
likely to influence a charge transport mechanism. 

The effect of plasma on the arc characteris- 
tics is important for two reasons. First, this 
information is important to the problem of scaling 
the arcs seen in ground tests to those expected in 
a low earth orbit environment. If the plasma 
influences the arc characteristics, then the influ- 
ence of plasma properties on the range of arc char- 
acteristics must be adequately understood to model 
the effects of solar cell array arcing on high 
power solar arrays in space. It may be necessary 
or desirable for spacecraft designers to learn to 
live with arcs. Data describing the arc character- 
istics will be useful for designing experiments to 
further understand the arcs, and to evaluate the 
risk to spacecraft caused by hiqh voltage systems. 

Second, this information provides data useful 
in understanding the arc mechanism. If the plasma 
properties influence only the arc frequency and 
arc threshold voltage and not the arc characteris- 
tics, then the plasma is important only in setting 
up the conditions for arcing to occur and does not 
participate in the arc mechanism, that is, the 
actual charge transfer. On the other hand, if a 
dependence of the arc characteristics on a plasma 
characteristic is observed, then that plasma char- 
acteristic may play a role in the charge transport 
mechanism of the arc. 

Figure 1 shows the time dependence of the 
current from the array during a typical arc. These 
arcs are very similar to those reported due to 
interactions of multi-kiloelectronvolt electron 
beams with solar cell arrays 5 and similar metal- 
insulator qeometries. 5 The arc has four time 
regions. First the arc is initiated and the cur- 
rent increases to a maximum. The rate of increase 
varies considerably; the rise time varies from 
less than 0.1 gS to on the order of 1 gS (Fig. 2). 
Second, the current then stays near the peak value 
for some time. This current may be important in 
assessing damage to array materials, since resis- 
tive heating may cause some material to be boiled 
off the array. Third, the current decreases with 
a roughly exponential decay. This decay time is 
not a measure of the duration of the arc, rather 
it is only a measure of the duration of the decay 
portion of the arc. Finally, the arc terminates 
and the array begins to recharge to the bias volt- 
age. In particular the cover slides may collect 
substantial amounts of charge from the plasma, 
resulting in a slight negative pulse. The arc can 
be described by peak current, the time constant for 
the decay and the total charge lost during the arc. 
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From each arc, three characteristics are ob- 
tained: the total charge lost during the arc, the 
peak current of the arc, and the decay time con- 
stant of the arc current as the arc terminates. 
There Is considerable variation In the values of 
these characteristics among arcs generated under 
similar conditions (Fig. 2). However, average 
values of these characteristics for arc populations 
can be used to show whether or not a suspect param- 
eter affects their values. 

Experiment 

This experiment obtains arc characteristics 
from a biased solar cell array subjected to a 
plasma environment. A schematic illustration of 
the experiment Is shown in Fig. 3. A high voltage 
power supply is used to bias the array at -1000 V 
relative to tank ground. A large resistance de- 
couples the array from the power supply and the 
connecting cable during an arc by limiting the 
charge able to flow to the array. The array capac- 
itance to ground was measured to be 350 pF. Know- 
ing this capacitance allows the arc currents to be 
calculated from the rate of change of array poten- 
tial. Th® characteristics of the arcs are deter- 
mined by using a capacitively coupled probe to 
measure the rate of change of the solar cell array 
voltage. A waveform recorder obtains a digitized 
representation of current to the back plate during 
an arc for use in later calculations. The net 
charge lost from the array and the net current dur- 
ing the arc can be inferred from this information. 

The interpretations presented are based on the 
assumption that the capacitance between the cover 
slide surfaces and the underlying solar cells is 
much larger than the capacitance between the cover 
slide surfaces and the plasma. Under these condi- 
tions, when an arc occurs, the potential of the 
solar cells rises from the negative bias voltage 
to a potential much closer to plasma ground. The 
cover slide surfaces begin the arc with a potential 
near plasma ground. As the arc progresses the 
potential of the cover slide surface also rises due 
to the strong capacitive coupling to the underlying 
solar cell. The positive cover slide may now col- 
lect a return current of electrons from the plasma. 
At the end of the arc, when the cover slide is most 
positive this return current may become important 
(Fig. 2) by the slightly negative signal pulse at 
the termination of the arc. The currents reported 
in this paper are the difference between the arc 
current and the return current to the cover slides; 
however, the return current is considered to be 
negligible. Judging from the size of the negative 
pulse at the end of the arc, the calculations of 
total charge lost will be within 5 percent of the 
actual charge lost. The reported arc currents, and 
the calculated changes in voltage of the array, 
assume the return current to be zero. 

The solar cell array used here has been used 
in previous arcing studies. ,5 > 7 It is a 24-cell 
array segment, constructed of 2 cm square cells, 
about 100 cur in area. The key feature, for the 
purposes of this experiment, is a copper plate on 
the fiberglass support of the array which has a 
capacitance of 65 pF to the array. This is used as 
a capacitively coupled probe of the array voltage; 
the current to this back plate indicates the change 
in average voltage of the array. The 50 a resist- 
ance across the waveform recorder gives a time 
constant for the cable to the back plate of about 


35 ns, much shorter than the time scale of the 
arcs. This effectively holds the back plate at 
ground so the transient recorder reads the current 
to the back plate instead of the voltage of the 
back plate. This current divided by 65 pF is the 
rate of change in array voltage. 

The 10 Mo carbon resistor decouples the array 
from the high voltage power supply. This resist- 
ance limits the array recharging time to greater 
than 1.15 ms, much longer than the time scale of 
arcing. In addition, due to the not-quite-1 inear 
I-V characteristic of the resistor, the recharging 
current is limited to about 0.125 mA, for a voltage 
drop across the resistor of 1000 V. This current 
is smaller than the transient recorder can detect 
at the scale settings used for this work. 

There was some concern that the resistor could 
introduce some extra noise into the arc measure- 
ments. To check this, the resistor was placed in 
series with the 1 Mj input of an oscilloscope, 
and the 2 V pulse (Fig. 4) placed across it. No 
evidence of ringing was detected. Including the 
high resistance does not introduce noise into the 
experiment on the same time scale as the arcs. 

Including the decoupling resistance introduces 
some ambiguity into the bias voltage. A steady 
collection current of the array from the plasma of 
10"* A would result in a 100 V error in the bias 
voltage. The current collection of the array was 
not measured in this work, but it is expected to 
be less that 10" 6 A. 1 

The arc characteristics were measured using 
two waveform recorders. The data for arcs in 
helium were taken using a Biomation 610 waveform 
recorder. This instrument has bandwidth of 2.5 MHz 
at the scale setting used, smaller than the decay 
time constants of the arcs investigated. For all 
the other data, a Biomation 6500 waveform recorder 
was used. This instrument has a much higher band- 
width, but after smoothing the data numerically, 
the data obtained with this instrument is compar- 
able to that obtained with the Biomation 610. Data 
was normally digitized at a rate of £0 ns/reading. 
Figure 1 shows a typical arc when the signal is 
digitized at a rate of 20 ns/reading. On this time 
scale considerable ringing is seen with a frequency 
of about 15 MHz. This frequency is characteristic 
of the cable between the array back plate and the 
waveform recorder, which rings jt about 12 MHz when 
the array is pulsed using a square wave generator 
(Fig. 4). However, since this mode of ringing is 
excited, the arc may have a frequency component at 
a higher frequency. The high frequency limit for 
this experimental arrangement is 12 MHz. 

To ensure that the relatively slow rise times 
shown in Fig. 2 are real and not artifacts due to 
the experimental arrangement, signals due to 
simulated arcs were examined. Figure 5 shows the 
response as detected by the back plate. For this 
test the high voltage power supply was replaced 
with a power supply set to -20 V. The arcs were 
simulated by touching a resistor, with one end 
grounded, to the array. Two resistors were used: 
500 a and 1 kn. Figure 5(a) shows the resulting 
signals. In both of these cases, considerable 
ringing is exhibited as the current immediately 
rises to its maximum and begins an RC decay. 

Figure 5(b) shows the signals after being filtered 
numerically using a 0.1 us time constant. The 
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decay times measured for these signals are 0.43 us 
for the 1 ko arc, and 0.28 vs for the 500 a arc. 
These time constants are shorter than those seen in 
real arcs, and the longer decay times are therefore 
not artifacts of the experimental arrangement. 
Comparing the two time constants indicates an in- 
ternal resistance of 345 a and a capacitance of 
300 pF rather than the assumed 350 pF. The calcu- 
lated change in voltage, obtained by integrating 
the current and assuming 350 pF, is 13.3 V. In the 
actual arcs there is less ringing than is seen in 
the simulated arc. The rise time for the simulated 
arcs is apparently much faster than for the actual 
arcs. Thus, the relatively slow rise time seen in 
the actual arcs is real and not an artifact of the 
experimental arrangement. 

In order to produce more credible peak current 
measurements, the current histories obtained with 
the Biomation 6500 were smoothed numerically. A 
filtering time constant of about 0.1 us produced 
satisfactory characteristic curves (Fig. 2). 

Figure 2 shows that there is considerable varia- 
tion in the characteristics of arcs. The rise time 
ranges from less than 0.07 us to about 1 w s. The 
peak current and decay times vary over factors of 
2 or 3. These variations are real and not simply 
due to the time scale chosen. 

Three arc characteristic parameters were cal- 
culated using the digitally recorded history of 
each arc. The total charge loss was recorded as a 
change in voltage of the array during an arc. 

This was calculated by integrating the measured 
positive current (the recorded negative currents 
were ignored) over the time of the arc and divid- 
ing by the 65 pF capacitance between the back plate 
and the array. This gives a lower bound on the 
charge loss since the negative pulse at the arcs 
termination indicates that there is a small return 
current to the cover slides of the solar cells 
during the arc. 

The peak current of the arc (Ip) was found by 
simply searching the filtered arc data set for the 
maximum value of the positive current. The decay 
time (t) of the arc current was calculated using 
several steps. First, the natural logarithm of the 
arc current was plotted versus time and a region of 
the decay where this plot was nearly linear was 
determined. Next, the slope in that region was 
determined through a linear least squares fit. The 
decay time reported is the Inverse of that slope. 

The plasma source uses electron collisions to 
ionize gas flowing into the vacuum system. It uses 
a hot filament to generate electrons. The elec- 
trons are accelerated to 50 to 55 V to ionize gas 
flowing through the source. A current through a 
coil concentric around the Ionization chamber gen- 
erates a magnetic field to increase the effective 
pr‘h length of the electrons. 

Measurements of the plasma were obtained 
throughout the tests. A 1200 cm 2 stainless steel 
disk (radius 19.5 cm) was used as a Langmuir probe. 
This probe was driven by a saw-tooth generator at a 
frequency of 1 Hz from 0 to 15 V. This character- 
istic curve Is digitized and stored every 150 s, 
to provide a record of the plasma characteristics 
throughout the 1900 s test. The electron tempera- 
ture is typically 1.5 to 2.5 eV and the plasma 
potential Is 4 to 8 V. The charge density ranges 
from 15 000 to 45 000 cm -3 . There is still some 


question as to the Interpretation of the I-V curves 
produced from this arrangement. For this reason, 
the plasma variations are reported in terms of the 
current collected by the probe at 15 V. This quan- 
tity reflects the charge density. 

The background pressure may also be adjusted 
in the pressure range of 8x10”° to 6x10” 5 torr. 

The background gas for these tests is normally 
nitrogen but tests have been run using both helium 
and argon as the background gas. The pressures 
reported are the ion gauge readings during the test 
and has,' not been corrected for variations in col- 
lision cross section of the background gas. 

Results and Discussion 

Ion Species 

In order to determine whether or not the ion 
species could affect the arc characteristics, arcs 
were produced in three gases: helium, nitrogen, 

and argon. These gases provide an order of magni- 
tude variation in mass. If ion transport is an 
important mechanism in solar array arcs, systematic 
effects should have been observed. If chemistry is 
important to the mechanism then it is expected that 
arcs might not have been seen in some cases. 

The conditions for the reported arc character- 
istics were reasonably similar for the argon and 
nitrogen cases. The plasma conditions produced 
while working with helium are not understood for 
this set-up. The plasma ionizer did not function 
properly when helium was used. This will be dis- 
cussed in more detail below. However, arcs could 
be generated with helium as a background gas, and 
their characteristics are included. The back- 
ground gas pressure for the N? and Ar tests was 
about 15x19“° torr. The plasma density was about 
15 000 cm -3 for the two gases. 

Figure 6 is a plot of peak current. Ip, 
against decay time, t, for the three gases. There 
is considerable variation in the values of these 
two parameters; however, the data tend to fall in 
a region that has a negative slope. This effect 
may be described by Invoking an additional param- 
eter, 7 the product Ipt. This product has units 
of charge, and reflects the charge lost during the 
decay portion of the arc. The curves drawn rep- 
resent the average value of this product for each 
of the three populations. The Ar and N 2 popula- 
tions overlap, and the difference in Ipt may not 
be significant. A U-Test** Indicates a 50 to 
60 percent probability that the means for the two 
populations are the same for Ip and t. However, 
the He population is significantly to the lower 
left of the Ar and N 2 populations. 

The gas species results are summarized further 
in Table I. The error ranges indicated in the 
table are standard deviations for the various sets 
of data. The variations in the Ipt product sim- 
ply reflect the variations in Ip and t, though 
its distribution is a little more sharply peaked. 

The variations in Ip ana t, while statis- 
tically not very significant, show an interesting 
trend: t increases as mass Increases. If t is 
interpreted as a RC decay time constant, then, 
since the capacitance is the same for both cases, 
the resistance, related to the charge transport 
mechanism, is increasing as the ma;s Increases. 
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Ip shows the reverse behavior, which Is not sur- 
prising if the Ion mass plays a role In the charge 
transport mechanism. It makes sense that less 
massive Ions should be more mobile than more mas- 
sive Ions. 

Effects Due to Charge Density 

Figure 7 shows the arc characteristics ob- 
tained under various plasma conditions. There is 
no evidence that the plasma density Influences the 
arc characteristics. In all cases, the slope of a 
least squares fit line of the data is near zero, 
and the standard deviation of the slope is much 
greater than the slope. If plasma conditions af- 
fect the arc characteristics, then the effect is 
weak. 

While the plasma does not affect the arc cur- 
rents significantly, the plasma does affect the arc 
rate. Figure 8 shows that as the plasma charge 
density increases, the arc rate also increases. 

This experiment was not designed to specifically 
measure arc rates. There normally was a 50 s dead 
time introduced as data was dumped from the tran- 
sient recorder. Those frequencies greater than 
about 0.01 Hz rid less than 0.02 Hz may be artifi- 
cially low due '.o the dead time. The frequency 
data reported for rates higher than 0.02 Hz are 
real, however, in these cases the transient data 
was not transmitted and the dead time was less 
than 0.1 s. 

At this time there is still some question as 
to the plasma conditions during the test. It is 
believed that the plasma densities ranged from 
15 000 to 45 000 cm -3 (i.e., the charge density 
varied over a factor of three). However, the shape 
of the Langmuir Probe I-V curves produced in this 
arrangement are not sufficiently understood. For 
the case of the arc rates in plasma the correlation 
is better between arc rate and the current to the 
Langmuir probe, than between the arc rate and the 
calculated plasma. density. For this reason the 
current to the probe is reported rather than the 
plasma density. 

Effects Due to Pressure 

Figure 9 summarizes the arc characteristics 
obtained for various background pressures. In this 
set of figures the average value of each of the 
three arc characteristics and the Ipt product are 
plotted. The error bars represent the standard 
deviations of data sets containing 4 to 17 values. 
There are three data sets with only two values. 
These are the points with the smallest error bars. 
In these cases the range is plotted rather than the 
standard deviation. One data set has four values, 
the rest have 10 or more values apiece. The lines 
drawn represent the best fit to the average of each 
data set weighted by the number in each set, while 
the standard deviation of the slopes are based on 
the characteristic of all the arcs. These best fit 
lines are close to horizontal, indicating only 
weak, if any, dependence on background pressure. 
Figures 9(a) and (b) plot charge loss and peak cur- 
rent versus background pressure. No significant 
dependence is detected. However, the decay time 
(Fig. 9(c)) shows a dependence which may be sig- 
nificant. This dependence is reflected in the Ipt 
product (Fig. 9(d)). The decay time tends to de- 
crease as the pressure increases. Despite the 
large amount of scatter in the data, a contribution 


to the arc current due to collisions of the emitted 
electrons with the background gas is suggested. 

A relationship between pressure and arc rate 
is suggested by the data (Fig. 10). Arc rates 
tended to be higher at higher pressures. These 
data contain the same restrictions as mentioned 
earlier for the frequency data between 0.02 and 
0.01 Hz. Both high (>0.04 Hz) and low (<0.01 Hz) 
frequencies were seen at the higher pressures, so 
! t is not clear how reliable these data are. The 
two data points at higher pressures produce the 
apparent positive slope of the least squares fit 
line. This apparent dependence of arc rate on 
pressure may be due to variations in the plasma 
conditions. 

Other Observations 

As was mentioned earlier, the plasma source 
did not function properly when helium was used as 
the source gas. This is probably due to the high 
ionization potential of helium. No plasma could be 
generated with only the plasma source electronics 
on. Likewise, if the high voltage supply biasing 
the solar array was turned on with the plasma 
source electronics off, no evidence for a charged 
particle environment could be detected. However, 
as shown in Fig. 11(a), if both the plasma source 
electronics and the high voltage power supply to 
bias the solar array were on, then a charged par- 
ticle environment was detected. The temperature 
of the electron distribution appeared to be very 
high, 10's or 100's of eV, though no attempt to 
quantify the temperature was made. An electron 
emission from the array (1 keV electrons), produc- 
ing secondary electrons from the wall, might pro- 
duce the peculiar electron distribution seen, 

Kennerud has observed enhanced current collec- 
tion on solar arrays associated with arcing: 

"The voltage was then reduced to -10 kV and 
the plasma current again adjusted to 1x10“' 
amps and allowed to run for 140 hours. During 
this time it was noticed that even though the 
plasma current density was never changed, the 
solar panel current would increase by an order 
of magnitude (up to >10 -6 amperes) in a 
period of about 5 minutes. It would then arc 
(flashes all over the interconnectors could 
be seen) and the current would drop back to 
the originally established value of lxlO -7 or 
even lower." 

This report is similar to the effect seen here with 
two important differences: it was sometimes, 
though not always, possible turn off the plasma 
source and continue to see evidence for the con- 
tinued existence of a plasma; and currents detected 
here are electrons collected near the array rather 
than a positive current collected by the array. 

In Fig. 11, the current to a grounded sensor 
is shown and compared to the times when arcs were 
detected. The sensor is one of four 10 cm 2 alumi- 
num plates located about 2 cm from each corner of 
the array, and on the same plane as the array. The 
sensor is grounded through an electrometer. It is 
detecting free charge in the vacuum system, rather 
than the current collected by the solar array. 

This current may indicate that electrons are being 
emitted by the array into the vacuum system. 
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This emission current was detected for all 
three gases used In this test with the plasma 
source turned off. However, only In helium were 
arcs common. No arcs were observed after the 
plasma source was turned off In argon, and only 
one arc was detected after several attempts when 
nitrogen was used (Fig. 11(b)). 

The plasma Is responsible for setting up the 
conditions which produce this emission current; 
but once the emission mechanism Is Initiated, the 
plasma only ensures that the emission process can 
continue. Even with the Initiating plasma removed, 
the emission process can terminate in an arc. The 
arc probably destroys the conditions that permit 
emission and, for arcing to continue on the array, 
a second emission site should exist. The plasma 
is necessary for arcing to occur, but It does not 
play a direct role In the arc once it has been 
initiated. 

An electron emission process that is associ- 
ated with the arcs is consistent with these and 
another set of observations. It was reported 
earlier 4 that the cover slides of the solar cell 
array are at a more negative potential under condi- 
tions when arcing can occur that they are when arc- 
ing does not occur. It is expected that the cover 
slides should normally charge to within a few kT 
of the plasma potential. This is indeed what hap- 
pens when arcs cannot occur. But when electron 
emission from the interconnects is initiated, the 
cover slides may charge negative. It is only when 
this happens that arcs can occur. 


Conclusions 

In this work the influence of the ambient 
plasma on arc characteristics of a negatively 
biased solar cell array was investigated. The arc 
characteristics examined were the peak current dur- 
ing an arc, the decay time as the arc terminates, 
and the charge lost by the solar array during the 
arc. These arc characteristics were determined by 
analyzing the signal detected by a probe capaci- 
tively coupled to the array. This probe detects 
the rate of voltage change of the array. From this 
data the time history of the arc current can be 
inferred. 

No significant dependence of the arc charac- 
teristics on the plasma parameters of charge den- 
sity and background pressure were detected. A 
slight decrease in decay time was observed as the 
pressure Increased. This may indicate that the 
electrons emitted during the arc can Ionize the 
background gas. This effect Is small and the data 
is noisy. The charge density apparently plays 
little or no role in the determination of the arc 
characteristics. 

Other researchers 8 * 9 have observed that plasma 
parameters do affect the arc rate. Increases In 
charge density result 1r. an Increased arc rate. 
There Is some evidence for an Increase In arc rate 
with an Increase In pressure, but these data are 
less conclusive. 

Arcs which occur in helium have shorter decay 
times and slightly higher peak currents than those 
arcs in argon and nitrogen. It Is not clear 
whether this Is due to pressure differences In the 
experiments or to some other reason. There Is 


weak evidence that the peak current and decay time 
of the arcs are related to Ion mass. This would 
be understandable If the Ions are the charge 
carriers during the arc. But the lack of an ion 
density or pressure dependence does not support 
this conclusion. 

These results are sufficient to advance an 
initial hypothesis, for the purposes of spacecraft 
design, that the ambient plasma will not strongly 
influence the arc characteristics. 

This work should be repeated for a wider range 
of plasma conditions. It Is difficult to obtain 
conclusive results in this kind of experiment 
because the arc characteristics vary over a wide 
range. If these experiments were performed over 
several orders of magnitude of environmental param- 
eters, then small dependencies on the environment 
would be evident and the results more conclusive. 

It should also be noted that while this work, 
and related work, result in a fairly consistent 
set of arc characteristics, all this work has been 
done on one particular solar cell array. These 
sorts of measurements should be performed on other 
solar cell arrays and other solar cell geometries. 

In addition to measurements of arc charac- 
teristics, this work has produced evidence for an 
electron emission mechanism, closely related to 
arcing. The electron emission is a precursor 
effect to arcing. After emission has begun, an 
arc may occur. This may provide some clues as to 
the arc mechanism, and provide suggestions to 
reduce the impact of solar cell array arcing on 
spacecraft. 
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TABLE I. - THE EFFECT OF GAS SPECIES ON ARC CHARACTERISTICS 



Helium 

Nitrogen, 

"2 

Argon 

Mass (amu) 

4 

28 

40 

Ionization potential, 3 V 

24.5 

15.6 

15.4 

Pressure ion gauge, u torr 

30-60 

10-15 

15 

Peak current. Ip, A 

0.154*0.043 

0.145*0.023 

0.137*0.045 

Decay time, t, u s 

0.79*0.40 

1.07*0.32 

1.14*0.40 

Product, Ipt, ( yCoul ) 

0.110*0.033 

0.150*0.029 

0.144*0.033 

Fraction of charge lost at 
-1 kV bias 

0.645*0.12 

0.66*0.04 

0.56*0.16 


a From Handbook of Physics and Chemistry, Chemical Rubber 
Company, 51st Ed. 
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Figure 1. - Typical response to an arc - back plate signal during 
discharge. Ringing at 15 MHz; gas, argon; bias, -1 kV; § 

capacitance, 350 pF; digitizing rate, 0.020ps channel. „ 



Figure 2. - Various solar cell arcs. Signal smoothed by filtering 
with a time constant of 0L 09 ps. Gas species, argon; bias, 
-lkV; capacitance, 350 pF. 
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Figure 3L - Schematic diagram of experiment. 
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Figure 4. - Back-plate response to a 2-V pulse. Ringing at 
~13 MHz; capacitance, 115 pF; digitizing rate, 0.005 ps/ 
channel. 
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(b) Smoothed signals, filtered with a time constant of a 01 ixs. 
1000-ohm impedencet 13. 3-V change; a 43 -ms decay time. 
500-ohm impedance: 13.4-V change; 0. 28-ys decay time. 

Figure 5. - Back-plate response to simulated arcs. Arc 
impedances, 1000 and 500 ohm; bias, -20V; capacitance, 

350 pF; digitizing rate, 5ns/channel. 
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Figure 6. - Dependence of arc characteristics on gas species. 
Curves represent constant peak current with decay time, 

I. x t Average I- x t: He. Q. 11C pC: flL 150 pC: Ar, 

a 144: bias, -lkv: capacitance. 350 pF. 
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Langmuir probe current at 15 V, mA 
Figure 8. - Dependence of arc rate on plasma. 
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Figure 10. - Dependence of arc rate on pressure. Gas species, 
N 2 ; bias, -1 kV; capacitance, 350 pF. 
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Figure 11. - Currents to grounded probe after plasma source was 
turned off. Bias, -1 kV; capacitance, 350 pF; readings at 5-s 
intervals. 



